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(S)  SUMMARY 

(S)  Break  through  a  hare  been 
with  both  infrared  flare 
hifh>altkude  igniter 
iiminary  tests  of  a  new  flare  composition 
(SI* !  19)  show  that  its  burning  rate  and 
high  ignitability  are  unaffected  by  in* 
cf*a«ing  altitude  up  to  100,000  feet 
(n  mo  Hg)  and  chat  its  peak  iafrared 
energy  output  (watts)  and  efficiency 
(iouIes/|  and  cc)  increase  with  increas¬ 
ing  altitude.  The  new  composicioo,  which 
consists  of  molybdenum  trtoxide/chromic 
oiide/zirconiure,  shows  considerable 
promise  for  use  in  decoy  systems  for  iet 
aircraft.  ^Both  the  currently  used  teflon/ 
magoesiuh|i/atcroceil«lose  compositions 
and  the  older,  less  efficient  sodium 
nitrate/magsiesauin/Laaiinac  compositions 
are  adversely  sheeted  by  increasing 
altitude:  peak  etlf^rgy  output  and  ef* 
ficiency  dccrease^uerely.  burning  rate 
decreases  greatly,  m^the  flares  become 
very  difficult  to  ignite.  At  high  alcirode 
the  SI*  119  composition  is  fsr  superior  to 
teflon  compositions,  especially  daring 
the  first  12  seconds  of  burning. 


htgh*alcicade  igniter  compo¬ 
sitions  coat  mining  molybdenum  trioxide/ 


choamic  oxide/strcanium/aitroceUulos 
(SI- 122  and  131)  have  also  been  forw  > 
laced  which  ignite  teflon  ccMnpookir&s 
ar  ahitudeu  to  IGB,000  feet  (ht^,be»t 
alckude  smulaced).  These  new  tgairer 
componitinns  sikonld  turtform  as  wrii  or 
better  with  sodium  nitrate  co^ossr  *.  ^ 
They  arc  super’s?  <o  the  9C/10/‘5  barium 
chromate/bocofi/nitrocenulose  composi¬ 
tion  which,  unless  partially  confine:!,  is 
unreliable  above  40,000  feet  altitude 
and  is  more  sensitive  to  frictional  forces. 

(C)  RUCOMMEMDATIOtfS 

In  view  of  the  encouraging  results  with 
respect  to  barniag  characteristics  and 
energy  output  obtained  with  acw  infrared 
flare  compositions  containing  molybdenum 
trioxide /chromic  oxide/zircoeium  funher 
reanarch  and  development  should  be  con¬ 
ducted.  fith  higher  energy  oxidizing 
agents  this  type  of  composition  may 
equal  er  exceed  the  total  efficiency  of 
the  teflon  compositioo  at  lower  alr-tudes 
as  well  as  at  100,000  feet.  It  jj::  also 
expected  that  the  advantages  of  burning 
rates  unaffected  by  decreas'ng  pressure 
plus  excellent  ignitability  could  bo 
maintaioed. 

It  is  further  rccomnK.-nded  chat  more 
extensive  teats  be  crrtidocted  with  the 
new  high-altitude  igniter  compositions 
(MoOj/Cr,0,/&/NC)  to  determine  optimum 
compoatcion  and  reliability.  The  use  of 
coarser  zirconium  should  be  investigated 
to  further  reduce  sensitivity  to  friction 
and  iiRpact. 

The  uae  of  conductive  igniter 
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^  1  'tr  ■*■*•■ 

Akkun^k  asd  <i«T«!o^«Kat  of 

fwofectioo  syaccms  (im  urn  with  |«<  air* 
Cf»**)  arealaacwMtnaiaf.  oeUjr  the  mm 
owtMaodmg  Hare  and  tKaker  c<MJf>oai- 
doQ  i^velt^^aicixa  arc  diacM«a<i^  ia  tbia 
report. 

<C)  ’tiSULTS  AND  O^CySSION 
Pa»ata»aiawt  al  Piara  Caa(|»aaltlaa 

4.  Ccetpositioa  forta«da<k>na  with  beats 
ol  rea.:tioe  aad  heaca  of  coaibuarioa  data 
urc  Utted  ta  TsAlc  1  (f>  7  ).  Stocc  tbc 
cakrtaaecry  ew'^ta  «cf«  coodweted  aoder 
corM.'wcd  rumikimmt,  these  resaka  peab' 
ably  represrai  apper  Itanta.  At 

high  altttadcs  where  s«<*diaai  oowdictoas 
exist,  coiabaaiiMi  effkw^Kry  amd  reactioo 
energy  are  redaced  dae  to  lower  (laaM* 
tccnpefaccre«  itad  mwch  slower  bsTciag 
rates.  This  as  shown  in  a  previoas  re« 
forr  2)  where  a  co?o!XM«tk»fi  ctrn- 
sistisg  or  54%  aagc-aiais.  <0^  leHon. 
awd  16%  Kel  F  gave  an  arrerage  beat  of 
reactioa  is  owe  acaiosphen;  of  heliaw 
of  1321  calories^graw  oed  at  5  tnilli' 
aieters  of  beliH®  oC  1212  cnlories/gram. 

3.  Farther  cvideacc  at  the  deleterious 
effects  of  redaced  pressure  oa  baratag 
characteristics  can  be  seea  in  Table  2 
(p  8  )  aad  Figote  I  (p  12).  The  cfftcieacy 
of  aodium  aiiraic/BJtfipsosiaai/Laaaaac 
awd  sefloo/awigaeM!i«a/sitroceUBloa« 
cowpeokioea  ia  tbe  fora  of  pcessed 
fllaicadecreaoeaalMMpli’wkb  iacteaatpg 
akkade  (deoeasii^  ptRtaaare).  Tbe 
peak  tafrared  eaergy  oMpat  of  tbe  telloa 

/ 


ri'oKiMMiiioa  decreases  70  i  ‘ro*.  sr  •» 
level  to  60,000  feet  aad  95%  frwa  ac  s 
level  to  100,000  feet.  In  addition,  us 
bareiag  rate  dccrcaaea  tpprotiwateiy 
2  and  7  tiases,  respectively.  Neverthe¬ 
less,  the  teflon/ laagaeaiae/aitrocelttt- 
lose  syatem  is  far  saperior  to  the  sodiusi 
nitrMe  ayst-is.  Tsis  may  be  due  to  the 
large  tpiaatky  of  tacAnde scent  carbon 
{btgb  ewiaaivky)  produced  by  the  re- 
acciea  of  tbe  tefloa  composition. 

6.  A  rsdtcsl  departare  from  the  above 
trends  occarred  with  a  co«npositioe  coa- 
siattag  of  MoO/Cr.O./Zr  ($1-119).  This 
coaipoakioa  bccaaw  significantly  more 
efficient  wkb  iacteaaiag  altitude.  Peak 
eaergy  oatpat  aad  cfficieacy  increased 
ap  to  60,000  feet  aad  tapered  off  slightly 
rj  100,000  feet.  The  baraing  rate  of  tbe 
$1-119  coaiposittoa  remained  essentially 
uackaaged  at  the  higher  alekades.  These 
effects  caa  be  seen  in  Table  2  (p  8  ) 
aad  Figure  2  (p  H).  It  is  important  to 
note  that  whereas  at  sea  level  compo¬ 
sition  SI*  119  was  much  less  efficient 
sad  produced  a  much  lower  peak  energy 
oaeput  (in  watts)  thaa  the  teflon  system, 
at  60,000  feet  the  peak  energy  of 
$1-119  was  about  4  times  higher  than 
that  of  the  tefloa  system  (although 
efficiency  was  still  lower).  At  100, (XK)  feet 
(stmalated  sltitadc)  the  peak  energy  level 
of  ^•119  was  about  20  times  greater 
thaa  that  of  tbe  teflon  system,  and  its 
efficiency  (ia  joalcs/ cc)  was  approx¬ 
imately  ebe  saate  (over  tbe  entire  bum- 
tag  period),  naly  cbe  first  1 2  uece^a 
of  baraiag  arecoasideredit  caa  be  seen 
from  Table  3  (p  9  )  chat  compoattioa 
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vr  !  !9  1*  Im  to  the  teiloo  »fMem 

tn  f>t*k  etsc-'j?  «"»«»»«  ai  60,000  aad 
100,000  <e«4.  *nf?  dfkieacy  td  100.000 
(cet  AH  llac«»  ia  tine  above  «»<ly  were 
rni  bu.'atn)  ud  baJ  apfsroaiaately  the 
sikwe  btamiii^  hurface  ifea, 

?.  Table  I  (p  7  )  abowa  Coaipositioa 
SI- 119  to  have  a  relatively  low  heat  of 
reactiofli  aod  coeibaacioo.  It  is  aacici* 
pared  iKat  its  reaccioo  energy  cm  be 
greatly  increased  by  incorporating  chem¬ 
ical  a  prodticiiig  higher  energy.  On*  ap¬ 
proach  is  the  «»e  oi  perchlorates  as 
oxtdiding  agents.  For  etamplc.  KCIO, 
with  zircooiiua  prodncca  1610  calories/ 
gram  and  61^0  calories/cc  (baaed  on 
calcalatcd  true  density).  Other  perchlor¬ 
ates  cao  give  eves  Ufber  energies 
(Ref  3).  Another  appronch  ia  the  use  of 
superoxides  of  the  first  two  periodic 
groups.  For  example,  the  calculated 
heat  of  reaction  for  KO,  and  zirconium 

1170  calorirs/gram.  The  !:sr  of 
higher  oxygen  complei  compounds  of 
molybdenum  (M.MoO.)  with  the  nlknli 
metals  should  also  be  inveatigated.  In 
addition,  the  use  of  excess  zirconium 
may  a!«c  be  of  value.  Composition  SI- 
119  is  approximately  moichiometric, 
assuming  ZiO„  Mo,  nudO  as  p^ucts. 
Still  another  approach  to  the  optimum 
composition  in  a  mixture  of  the  zir¬ 
conium  (SM19)  rod  the  teflon  compo¬ 
sitions. 

8.  Another  importnnt  advantage  of 
Composition  SI-119  i«  that  k  is  highly 
ignitsblc.  It  is  also  used  ss  an  tgaiter 
composition  and  can  be  initiated  directly 


by  an  MlAl-typc  a<|«ib  (ccMKainiag  90/10 
barium  chromate/bceon)  up  to  100, UOO 
feet.  It  is  believed  that  aquib-i  or  primers 
could  be  eliminated  if  desired,  sitwre  this 
n<rw  campoaitioo  can  profeab'y  be  ignked 
by  hot  wires  (squib  prisetp’  ‘naplify- 
ing  the  system  by  eliminwtsr'  toff^oeuts. 
aught  logically  lead  to  incrrA.^d  reii- 
ability.  To  slow  down  the  k'eiatively  fast 
burning  rate  of  SI-119  and  %t'  reduce  its 
sensitivity  to  friction  CkMirser  zirconium 
(Ref  4)  and  binders  could  be  used. 

9.  Composition  SI-119,  which  contaiaa 
no  binder,  was  pressed  into  a  paper 
flare  case  for  testing.  If  necessary  ,  it 
can  be  converted  into  a  caseless  flare 
by  means  of  binders  in  the  same  manner 
as  the  sodium  nitrste/magnesium  and 
tcflon/magnesiuA  compositions.  To  meet 
requirements,  binders  can  also  be  used 
to  adjust  the  burning  rate.  It  is  antici¬ 
pated,  however,  that  even  with  the  in¬ 
corporation  of  binders  the  burning  race 
of  composition  SI-119  will  remain  rela¬ 
tively  unaffected  by  changes  of  altitude 
over  the  range  of  sea  level  to  100,000 
feet. 

Owvelwpaient  wf  Ifniter  Cetupws'^loa 

10.  Two  new  igniter  compositions  con- 
cnining  MoO,/Cr,0,/Zr/ nitrocellulose 
(SI-122  nod  SI-131)  have  been  developed 
for  use  with  teflon/ magnesium/ nitrocel¬ 
lulose  flare  formnlatioos.  Although  these 
igniter  compositions  were  not  tested 
with  sodium  ekrafe/fflagoesitt«'i.«<^itnac 
flare  coa^esitsons  the  results  of  Ref  - 
erence  i  indicate  that  they  should 
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rr*a  b«K«t  flNrvt  <A  thin 

ty^.  Sk^Jtie  MM  MMdta  ttUti 

colwkkMia  are  ftveii  ui  Table  4 
(p^lO).  IfiUltwi  af  tke  flare  CMi^skioas 
*as  accoMfJUhH  over  the  waiilact^  id* 
(itwic  rMfc  of  oea  level  to  100,000  feet 
*ith  eofl^tlecety  eocoNifioed  syMcios.  At 
’^.OOO  feet,  however,  ifskioe  of  the 
flare*  hy  the  tgeker  wae  errMtc.  Prv' 
Hduaary  teMs  *»lh  theoe  iicttcr*  tndteate 
char  u  100,000  feet  the  ty|>«  of  »«rface 
of  the  flare  m»y  be  critical.  Flercs  with 
porov*  surfaces  i^aited  consisirwcly 
while  thoac  with  hard  |laced  surfaces 
did  BOt.  b  abetdd  be  pmaced  oct  that 
whea  the  staadard  Rka  ifftker  cospo* 
sitioa,  $1>36  (bariuM^hroMacc/boroa/ 
nttrocelldioee),  ta  coeipktely  aacoafiaed. 
it  perfMsia  ctracicaliy  becaeaa  40,000 
aod  d0,000  feet.  Above  60,000  feet  k 
fails  coarplstciy  to  igake  fbe  flare  ctwa- 
poskion. 

1 1  Oms  on  the  sensitivity  of  the  tg> 
niter  confosiiioes  toian’zct  aad  frictioasl 
forces  ia  givea  ia  Table  5  (p  ll).  U  cao 
be  sees  thM  cbe  SM22  igaiter  coaiposi- 
fie?i  <  HtiO,/Cr,OyZr/  oit'occlloloae)  is 
less  seesitive  ebaa  Sl*56  (BaCfO,/B/ 
nttroc  cU uloae).  SI- 56  bos  aa  iaipact 
valoe  of  3  iacbe*  and  SI-122  oo  iMpact 
value  of  12  iacbea.  Sl-56  is  scaskive 

to  both  Steel  aad  fiber  (frictioo  pcadaluai 
test)  whereas  SI-122  i*  aeaaitive  to 
steel  only. 

(Q  tXrfBMIlllTAL  ^ROCtOURf 

12  (U)  Coaipoaitiooa  coataiaiog  biader 
were  prepared  ia  a  Laacaatcr  blender. 


A  wnall  amamt  of  accioac  (10  cc/HKJ  g 
of  aia)  was  used  to  insure  proper  blend* 
ifig.  Bleadiag  tiinf  was  appretintacely 
20  ninutes. 

13.  (U)  Biaderles*  coa^sitioas  were 
bleaded  ta  aa  Abbe  bail  nill  for  '4  hour. 
Rubber  stoppers  were  used  to  insure 
proper  blcading. 

14.  (Q  SM22  aad  131  were  blended 

by  attfriag  with  a  wooden  rod  in  a  mortar. 
The  nitroccllujoa*  was  used  as  a  10*^ 
solutioa  ta  aeetoac.  Excess  acetone 
(up  to  30  cc/lQO  g  BU)  was  used  for 
blcadtag.  Vhile  atill  wet  with  acetone 
these  composittoas  were  applied  to  the 
flare  sides  with  a  paint  t'vah. 

15.  (C)  Caacless  flares  were  pressed 
in  one  iacremcot  at  7,000  pst.  Cased 
flares  were  pressed  in  l*ioch  increments 
M  15.000  psi. 

16.  (C)  Materials 


NsNO,,  USP.  DK,  2)  wictwi 

Dav>«»  Nitm*  Co. 

MiO,,  12.)  wietM 
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P.  (C)  All  flares  were  rested  is  an 
upright  position  (Fi(  4,  p  13)  in  the 
f'ic^inny  higb-alcicudt  test  chamber 
(Fig  1.  pI4).  Fnergy  MCMtircinents 
«ere  lalcen  from  a  horizontal  side*on 
position,  using  lead  sulfide  detection 
rquipment. 
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4.  Knapp,  C.,  Wetbel,  B..  Veinganeo.  G., 
Developmmt  of  f gaiter  ComposUion': 
for  Higk-Altitade  Igmitioa  of  lllmmia- 
aua,  Profallmu,  etc.,  Picatinoy  .\z- 
aeaal,  PLC-TN  No.  9.  26  March  1938 


TAtLE  1 


EMCtlM  fraryU* 


l*«ftlcl«  Sita, 


Campesition, 

alcraoa 

8Y.71» 

8T-4M 

8Y-IM 

FW-ISS 

FW.154 

FW.U6 

F«.16t 

iin9 

SI-122 

$!  1 

NaNO, 

23 

47.6 

3.3.5 

60 

- 

— 

- 

— 

.. 

MoO, 

12 

- 

- 

- 

- 

- 

- 

- 

31.5 

M.3 

Cf,0, 

0.3 

- 

- 

- 

- 

- 

- 

- 

20 

20 

16 

Tefloo 

23 

~ 

- 

- 

46* 

30* 

46* 

46 

- 

- 

a 

KelF 

28 

- 

- 

- 

— 

K> 

- 

— 

— 

a. 

. 

M« 

25 

47.6 

61.7^ 

40 

54 

54 

5< 

54 

- 

- 

Zt 

2.3 

- 

- 

- 

— 

- 

- 

- 

48.7 

48,7 

5i 

Lamioac 

4.8 

4.8 

- 

- 

- 

- 

- 

- 

• 

NitroccUuloae, 

12.6% 

— 

— 

~ 

2 

2 

7  6 

2 

- 

4 

’?c':ictlan  Cnarfia* 

1912 

1608 

1877 

- 

- 

- 

1684 

510 

- 

2908 

3745 

2010 

— 

— 

3756 

1203 

... 

C 


*?!  nieroD* 

^liO  microaa 

^Hcat  of  reaction,  1  ota  hcliya 
*^Hcac  of  cwabuatioa,  )0  ata  eijp^oa 


Copy 


Best  Available 


TAtLE  2 

laa^  Eanilaf  Ckarcct^HMUa  •!  Elar*  Caa(»aBit(aat  At  Variaaa  Slaialata4  AltItvJaa* 


Aaa'exiaiela 

Altitwd* 

Ne. 

karniag 

kwralaa 

Faak  Evargy 

Tatal  Eaergy 

1’atel  EHlaiaacr 

Cawaaeltlen^ 

10*  «**« 

Uea* 

Tlate,  aee 

Rat*  aac/la. 

10*  w*Ha 

10*  laalaa 

i<.jlt.  j/g 

|*«I*b/cc 

FY-719 

1.35  *  1.5 

S  L' 

2 

5.3 

3.5 

2.3 

12 

220 

337 

60 

1 

16.0 

10.7 

0.4 

110 

167 

100 

3 

28.0 

19.9 

- 

- 

- 

- 

FY-698 

1.35  *  1.5 

S  L 

1 

8.5 

5.6 

4.0 

35 

630 

980 

60 

2 

22.8 

15.2 

0.4 

8 

150 

240 

100 

1 

50.5 

33.6 

0.1 

6 

110 

17(5 

FY-893 

1.3  X  3.0 

SL 

1 

9.8 

3.4 

3.4 

39 

300 

63>0 

60 

1 

37.0 

9.0 

0.2 

6 

35 

69 

FI'-168 

1.35  X  1.5 

SL 

1 

7.6 

4.9 

19.0 

144 

2440 

3920 

60 

2 

16.5 

10.5 

6.0 

99 

1670 

2710 

100 

1 

56.0 

36.1 

.9 

35 

560 

902 

SMi9 

1.3  X  6.2 

SL 

1 

5.0 

0.8 

8.0 

40 

90 

300 

1.3  *  6.5 

60 

> 

4.8 

0.7 

22.0 

126 

280 

900 

1.3  X  5.3 

IOC 

J 

4.0 

0.8 

20.0 

91 

210 

790 

*A1I  flare*  boned  from  oac  ead  ia  ci(«ret(e  l••b>ao.  To  aclueee  tbi*.  Coai^*iiicae  FY>719.  FY-^>9S.  aad  FV-168  »et*  andc  *•  c***lc*a 
<l*rat  ead  :Ke  carved  aide*  ware  coated  with  Laaiaac  rcaia  (80/20.  Noe.  4116  *  4IM).  FY-B9)  aad  Sl-t  19  wee*  feeaaed  iato  ckia-wallad 
('^  isch)  war^aced  paper  caaea 

^Coapoaitioa  loraalaa  are  gieni  ia  Table  1  (p  7). 

^Sea  lev*) 


y 

TAtLE  3 

A  Cfiyr!»—  •!  Hi*  »HUw»  lar  tli*  First  12S«c*«4«  •!  ftamUf 

k  €iWfy  T*««1  Enorfy  CHici«ACT 


C*iii^aitian'* 

.Mtltu4« 

Cwni  ns 
Ti«m,  snc 

slits 

Lttftfc,  )n. 

to*  wtt*  In 
It  13  MC 

Wtt*/*S  tn. 

B twins  $tf«c« 

10*  Isulst  in 
It  13  *ac 

(•ulnt/'s  in 

Ilf  13  M< 

Inslns/'cc  In 
1*t  13  ••€ 

FW-168 

S  L** 

7.6 

1.5 

19.0 

13  3 

144 

2,440 

3,920 

60 

16.? 

1.5 

6.0 

4.2 

72 

1,220 

1,920 

100 

?6.0 

1.5 

0.9 

.63 

7 

120 

190 

51-119 

SL 

5.0 

6.2 

8.0 

6. 

90 

300 

60 

4.8 

6,5 

22.0 

16.6 

126 

280 

900 

100 

4.0 

5.3 

20.0 

15.1 

91 

210 

790 

*Co«iDo«ifioo  lortBulfts: 


Teflon 

46  p<a 

M« 

54  f.ri 

NC 

2  pee 

SJ-lt9 

MoO, 

51.3  pte 

Cr,0, 

30.0  pte 

7j 

48.7  P(( 

H«m  I***! 


TAM.C  4 


ItnOor  ^ 

PI  ore  ^ 

No  of 

Appro  alaiato 

Altitudo. 

CeciFaalllaa 

Caaipdcltlan 

Itooic  y*  :*od 

W’  h 

SJ- 122 

F»-ni 

■; 

1.5?  ‘  1.6 

si' 

All  ifsittd 

SI-12: 

F*-11S 

3 

" 

60 

All 

SII22 

FW-IIS 

13 

no 

SI- 122 

F*-ni 

12 

- 

100 

FW-l??  ifaiicd  in  fi  entea* 

SM22 

F»-I?6  1 

1  3?  '  l.'S 

SL 

All 

i  jolted 

Sl-122 

H-l?6  5 

“ 

60 

All 

I 

ifaitcd 

Sl-I2> 

FW-I?F  I 

• 

80 

A!! 

t^i-itcd 

SI- 122 

FP-1S6  I 

100 

All 

limited* 

SI-U2  2  2.5  *  4.)  60 


All 


SI-MI 

FP-t?5 

2 

l.>5  *  1.6 

SL 

AM 

SI- 1 3 1 

Fd-155 

2 

- 

60 

All  tfaittd 

SI- 131 

F»-I?? 

* 

- 

•0 

1.11  ifiitted 

SI- 13; 

FW-I?? 

I? 

- 

100 

i«  ft 

*Thc  i|«ticr  •;a:npc(:cieni  w«r*  applied  to  <b«  circolot  aurfoc*  of  th«  cao«l«o»  nsroa.  Tb*  *1ai  oada  **rr  aot  coatad. 
°Coaipe«iiioo  (oraalaa  arc  ficca  ia  Tabic  1  (,«  T). 

^  Sea  IcTcl 

4  All  fUrci  la  ibic  rwv  t>a4  kaH  (Uawl  aatfaco.. 

*A1I  flCMC  trkick  failed  to  isoiic  had  c'ld,  (laacd  aoriacc.  All  (livca  (S)  baciad  roogb,  porooa  cafacc  did  Igcdtc. 

Om  flacc  bacii««  bard,  (laacd  aiufaec  alao  t(B«od. 

r  l<»r  '<'«(h.  porou  cuf<acca. 

*  rbaa  aoMta*  M**abM  eXo—c  SSTS  .?• 


Kig  J  Pyroccchoic  Migh-Altifud''  Te»{  rS«mber»  tot  Dyo  anic  Taitiag  at  Altitudra  up  to  i'JO.OOO  reef 

{Tank  ToIuin«,  SOOO  cubic  fe?:) 


Ml  A!  £LECTP/C  Si/WB 


L 


Fig  4  Static  B 


MSTaiitfTlOH  L»T 


'Loffiaudiae  Otffior. 

PtcMinay  Aracawl 

ATTN;  r<M_-haic«i  loferiMcioa  Sectioa 
Doirpr,  N.  J. 

Chief  erf  Ordnance 
Dept  erf  tiw  Array 
ATTN:  ORDTS 
Wftshiajtos  D.  C. 

Coramander 

Vrtfkc  Air  Develofnaeut  Ccfttcr 
AITN;  tCKJDPI,  Mcmt*.  F.  Liatoa,  J.  S«n»09 
»COSI-3  (UBO) 

AFCIN-4A/B,  Dr.  P.  Owebo 
Vri|iit>Ptfecr»M  Air  Fnrce  Bmc 
OUo 

Coe*ti*i»def 

Dircctordce  d  SystcM  Maa«(enc«t 
HQ  ARDC 

ROZSTF,  f  t.  Cnl.  food 
frif l«-P*ftcri;oo  Air  Force  Base 
Ohio 

Cemmam4er 

A  if  Proaisf  &?o«nd  Ccaccr 
TTN:  ACLO,  PSwjo  Crc  Be,  D.  Cavieeb 
glia  Air  Force  8aae,  Florida 

Araed  Services  Tecbaical  Iafr_«a(io«  Afeacy 
Arlia^o*  Hall  SeaciM 
AfftC|ro*i,  Vtr^iaas 

CcaaaMsdiat  Officer  y 

Evcas  Sifsaf  tMkatmmy 
ATTN:  iir.  H.  Maiaiatiiaa 
Ft.  IfitHBMKi.  Near  |cv«ey 


Copy  Na. 


I  -  5 


6 


7-  10 
11 
12 


13 


14 


15  -  2< 


» 


16 


26 


C«BBfi94ef 

Nftval  Test  ScatioA 

ATTRj  Cc4e  5329 
Cbku  Lake,  CAlifo^Ms 

A9W}«t*<k>Kral  CotporatisA 
Eaptceiwe  Orduoce  DIviaieo 
ATTN:  Ifr.  B.  Davia 

AF55rS(M)- 16478  27 

Astta<a,  Caltfesnia 

VIA:  Diaukt  Cklel 

Loa  A«gele«  Gvifeaace  EHstrkt 
33  $.  A«efi«« 

Baaaieaa  %  Califcieeia 

l£ea<p^«£«d 
ATTN:  ISr. 

AF55{6t6}3«NI  ^ 

'^emeniiU,  (M& 

VIA:  Di»ui« 

Ci9««taA4  Otihusec  Uiaifict 
U^ela 

1167  EU«  SiaEi  S« 

Clev#la«4  14, 

Boeis^  Mtfiam  C^sm^aay 

Aim  »&.  si4»b  s«aet6y 

Viskka,  tUttoOM 

VIA: 

Se.  toibi  OrAa«m'«  SAmki 
4^  B»8!f 

Ss«  Le«ls  Mi, 


^7 


jSfiiJtr  Hopkias  Uairarsity 

;iadi«tio< .  Labomf or> 

ATTN:  I>.  M.  D.  E*rl.? 

AF3yf!6)3374 
1315  Si.  P»«1  Streei 
BaltiMore,  Ujirylaad 

VIA:  District  Clhit'i 

Philtdelpiiu  Oruaarce  Oii-^rict 
ATTN:  Qucf,  Sp^.*cial  Projects  Brsoch 
Iftducr.'sl  Division 
128  Nonh  Cro'id  Scred 
Philadelphi/  2,  Pesasylvsoia 


UatTcrsity  of  Michigan 
Villow  Run  Lsbr^rsiariec 
A ITN:  Mr.  Robdt  Bceymaicr 
AF33(^il6)5501 
Ypsilsoci,  Michigan 


VIA:  District  Chief 

Detroit  Ordsaoce  District 
574  Eaot  Woodbridge 
Detroit  31.  Michigan 


Nunh  Aatericao  Aviation 
Iotera«tio&.al  Airport 
Systc'ta  It  Tactic  Groop 
AT*N;  Mr.  Bill  Swartz 

AF3K«»)3»669 
Los  Angeles,  California 

VIA:  D'stfia  Chief 

Los  Angeles  Ordnance  District 
55  S.  Greod  Avenue 
Pasadenn  2,  California 


RaiiKHVooldddje  Cetporatioa 
CoiMrol  SyneeM  DivitiM 
ATTN:  Dorachy  Coas,  LibrariMi 
5720  Axbof  Vitae  Scre«e 
LosAnj(e2^s,  California 

VIA:  District  Chief 

Los  Angeles  Ordnance  District 
55  S.  Grand  Avenoc 
Pasadena  2,  California 

Rand  Corporation 
ATTN:  Dr.  S.  Passnian 
1700  Main  Street  / 

Santa  Monica,  California 

VIA:  District  Chief 

Los  Angeles  Ordnance  District 
55  S.  Grand  Avenue 
Pasadena  2.  Caltfomia 

Sp«*fry  Gyroscope  Company 
ATTN:  Mr.  Saenpson 

AF33(600)-55477 
Grt-x  Neck,  New  York 

VTA:  District  Chief 

New  York  Ordnance  District 
180  Varick  Street 
New  York,  14,  N.  Y. 

Universal  Match  Corporation 
Armaments  Division 
ATTN;  Dr.  H.  Ellem 

AF33(606)lf4>92 
St.  Louis  21,  Missouri 

VIA:  District  Chief 

St  Louis  Ordnance  District 
4300  Goodfeilow  Boulevard 
St.  Louis  20,  Missouri 
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Nair»i  Rcnearck  LabM-atoriciiii 
ATIH:  Gxk  2021 
VaduofMa  23,  D.  C. 

Ccww  MUlcT 

AF  Cadbrtdie  Research  Cencer 
Lssreace  G.  Hssscooi  Field 
ATTN:  Ekrctromc  Resesrch  Library  38 

Bedford,  Msssscbsoefts 

Direccor  of  Rese&trb  A  Development 
Hesd^vMters  USnF 

ATTN:  AFDRD-SC-3  59 

Vashiaftott  25,  D.  C. 

ArsMMtf  Research  Fovodatioo 
lUiiMis  lMCtt«e  of  TechMlegy 
Tcchakal  Ceoter 
ATTN:  IX  ,  S.  Ksttt,  Dh  C 
AF$3(6l6)6l29 
Chicago  lA,  IlliwMS 

v:A:  Dtserkt  Chief 

Chkago  Ordasace  District 
299  *  Tacksoo  Boalevard 
Chicago,  niiaois 

Lambett  Ei^iaecriag  Coa^taoy 
1 100  Mackliod  Aveooe 
ATTN:  Mr.  Arthar  Thiel 

AF33<604)224777  41 

Sc.  Louis,  Mo. 

VIA:  District  Chief 

Sc.  Louis  Ordsaacc  Dtatricc 
4300  Goodfellotv  Boulevard 
Sc.  Louis  20,  Missouri 


20  Best  Available  Copy 


C'Mtf 

^  if  CMMMOd 
(*f««|p 

(Hfwn  Ak  Force  Base 
ATTN:  fttejor  LoCaurve 
Omaha,  Nebraalea 

Commaadiag  Officer 
Diamood  OrdDoace  Faze  Lahoratoriea 
ATTN;  Technical  Reference  Section 
CottsecticM  Aee  aadVao  Neaa  Sc  Nt 
Taahla|tofl  2S.  D.  C. 


